Objective: To investigate treatment stability of miniscrew-anchored maxillary distalization in Class II malocclusion. Materials and Methods: This retrospective study included a distalization (n ¼ 19) and a control (n ¼ 19) group; a patient group with minor corrections served the control. Lateral cephalograms of 38 adult patients were taken before (T0), immediately after (T1), and 3-4 years after (T2) treatment. Horizontal and vertical movement and tipping of the maxillary first molars (U6) and central incisors (U1) were measured along with skeletal craniofacial parameters at three time points to compare the two groups regarding the achieved treatment effects and their stability. Results: Total arch distalization therapy led to 4.2 mm of distal movement of U6 without distal crown tipping (0.68 of axis change) and 3.38 of occlusal plane steepening. Over an average retention period of 42 months, maxillary total arch distalization provided high stability of treatment results, showing the same amount of mesial movement (0.7 mm) as the control group. Conclusions: In Class II treatment, miniscrew-anchored maxillary total arch distalization can provide stable distal movement of the maxillary first molars and central incisors. (Angle Orthod. 0000;00:000-000.)
INTRODUCTION
The stability of resolutions for dental crowding depends on the amount of space in the dental arch and the amount of space available through transverse and sagittal correction. Distalization can be indicated to regain space in a dental arch or to gain additional space when the transverse dimension and incisor inclination do not allow any further stable increase of space. [1] [2] [3] Molar distalization is the objective of a sizable number of appliances relying either on dentoalveolar [4] [5] [6] [7] [8] [9] or extraoral 10 /labial 11 anchorage. Any dentoalveolar anchorage inevitably bears a somewhat self-defeating countermovement of the anchoring segment, 12 and devices like a headgear or lip-bumper largely depend on patient compliance. Hence, all these options put moderate amounts of distalization as a treatment goal in jeopardy and make large amounts of distalization improbable to achieve.
The amount and quality of distalization possible was enhanced tremendously by introduction of skeletal anchorage (noncompliance) methods 13 to entirely eliminate unwanted countermovement during distalization. 14, 15 The introduction of miniscrew implants made skeletal anchorage more easily accessible for the orthodontist. 16 Miniscrew implants can be loaded directly 15, 17 or through scaffolding 18, 19 and have been shown to enable distal movement of the molars and premolars at the same time, 20, 21 causing minimal distal tipping of the molars 21, 22 which suggests high stability. However, throughout a lifetime, permanent molars exhibit mesial migration, 23 attributed to the anterior component of force, which is explained to result from mesial inclination of teeth. [24] [25] [26] Although mesial migration is regarded as a physiologic phenomenon, this context could mean reduced stability of molar distalization results.
Class II malocclusion combined with a lack of adequate space in the maxillary dental arch can be solved using miniscrew-anchored maxillary molar distalization. 27, 28 In this study, the hypothesis was that maxillary molar distalization, specifically total arch distalization, can achieve stable treatment results compared with minimally treated subjects in terms of anterior and posterior dental changes.
MATERIALS AND METHODS
This study was performed after approval of the institutional review board of Yonsei University Dental Hospital (IRB No. 2-2016-0017), which waived the requirement for written informed consent because of the retrospective nature of this study.
Subjects
This retrospective, cross-sectional cohort study was conducted on consecutive patients who had visited the Department of Orthodontics at Yonsei University Dental Hospital from January 2015 to February 2019 for retention follow-up. Subjects were selected who had lateral cephalograms before (T0), immediately after (T1), and at least 2 years after (T2) treatment. Subjects were included who had Class II malocclusion at T0 and whose amount of distalization of U6 was over 2 mm.
The experimental group had undergone maxillary total arch distalization using elastomeric chains between long crimpable hooks mesial to the maxillary canines and interradicular miniscrews positioned between the maxillary second premolar and first molar (U6) on each side (Figure 1 , distalization group). Before and after distalization, the amount of distal alveolar bone was confirmed on a panoramic radiograph and lateral cephalogram. In cases of a large amount of total arch distalization, repositioning of the interradicular miniscrews was necessary toward the end of treatment since miniscrew tips were angled apically and the sagittal span of interradicular bone exceeded the space measured at the mid-root level.
The control group had minor tooth movement, less than 1 mm anteroposterior movement of the maxillary central incisor (U1) and U6 during treatment. All control group patients had Class I or Class II malocclusion at T0. Exclusion criteria for both groups were: restorative treatment of U1 or U6 at any time during the observation period, dentofacial deformity, history of orthognathic surgery, and age ,18 years at T0.
Based on the inclusion/exclusion criteria, 19 subjects (mean age at T0, ¼24.9 years; 4 men and 15 women) for the distalization group and 19 subjects (mean age at T0, ¼25.4 y; 8 men and 11 women) for the control group were included ( Table 1) . Regarding retention, fixed lingual retainers from canine to canine were bonded in all subjects at T1. All patients wore removable circumferential retainers at night.
Measurements
Changes in position and axis of U6 and U1 and skeletal cephalometric parameters were measured ( Figure 2 ). The pterygoid vertical (PTV) plane was used as a reference plane for horizontal linear measurements of tooth movement. 27 PTV, which is known to be a stable reference plane in the sagittal direction, 29 is constructed by connecting Sella ethmoidale, which is an intersection point of the anterior cranial base and the greater wing of the sphenoid bone, and the inferior point of the pterygomaxillary fissure on lateral cephalograms. 30 The reference plane for vertical linear measurements of tooth movement was palatal plane (PP), which connects the anterior and posterior nasal spine. The mesiobuccal cusp for U6 and incisal edge for U1 were used as landmarks, and their perpendicular distances to PTV and PP were measured for horizontal and vertical changes, respectively. In cases of double contours, the middle between the two landmarks was used for measurement.
To measure changes in axis, the long axis of U6 was defined as a line through the centroid point and furcation point and the long axis of U1 as a line 
Statistical Analysis
The minimum number of subjects was calculated using G*Power 3 (Düsseldorf, Germany) with a significance level of P , .05 and a power of 95% based on an article that reported 2.0 mm of mesial movement after distalization by the Pendulum appliance. 31 Power analysis confirmed that 6 subjects per group were sufficient to detect a 2-mm difference of U6 movement after distalization.
One examiner performed all measurements. To test intraexaminer reliability, the measurements were repeated after a 1-month interval for eight subjects per group, which showed high reliability (range of the intraclass correlation coefficient, 0.947-0.991).
After confirmation of normal distribution of the data by Shapiro-Wilk test, an independent t-test was conducted using SPSS software, version 23.0 (IBM Corp, Armonk, NY, USA). A P value less than .05 was considered statistically significant. Tables 1 through 4 . Mean treatment duration was 30.6 months (standard deviation [SD] ¼ 12.2) for the distalization group and 16.2 months (SD ¼ 3.0) for the control group; mean duration of retention was 36.9 months (SD ¼ 23.3) for the distalization group and 47.4 months (SD ¼ 11.1) for the control group (Table 1) .
RESULTS

Results are shown in
Before treatment, some measurements showed significant differences between the groups ( Table 2) . Between the distalization and control group, for example, there was a significant difference in SNB angle (P , .001) and ANB angle (P , .01). PFH/AFH and SN-MP angle differed significantly between the distalization and control groups (P , .01), showing a more horizontal facial type in the control group compared with a neutral facial type in the distalization group. U6 angulation and U1 inclination did not differ significantly between the groups (P . .05).
During treatment (Table 3 ; Figure 3 ), in the distalization group compared with the control group, the U6 (Table 4 ), there were no significant differences between the two groups regarding horizon-tal dental or skeletal parameters. Vertical changes were observed only in U6 movement and skeletal parameters: in the distalization group, compared with the control group, U6 extruded significantly, while in the control group compared with the distalization group, PFH/AFH (P , .05) and SN-MP (P , .05) changed to a more horizontal facial pattern.
DISCUSSION
In a sample of 38 adult patients, the present study revealed stable anterior and posterior distalization caused by maxillary total arch distalization compared with the control group over an average retention period of 42 months (SD ¼ 19): (1) maxillary total arch The two treatment groups of adult patients differed significantly regarding duration of treatment (P , .05). Logically, because of the need for greater orthodontic correction, the total arch distalization group underwent a longer treatment time than the control group with minor tooth movements. As for the duration of retention investigated, the distalization group had an average of over 3 years of retention, which was similar to findings of recently published studies on retention, some even in growing patients. [32] [33] [34] The control group with minor tooth movement had a slightly longer retention period of nearly 4 years.
Significant differences were noted between the distalization and control group at T0 in SNB and ANB angles as well as the vertical values PFH/AFH and SN-MP. The significant Class II relationship reflected by the SNB and ANB angle in the distalization group compared with a Class I relation in the control group, clearly indicated the treatment need for maxillary distalization in order to correct the Class II occlusion. PFH/AFH and SN-MP values revealed a neutral facial pattern in the distalization group, while patients in the control group showed a growth pattern that was significantly more horizontal. Posttreatment changes in both groups indicated minor, yet significant, differences in skeletal vertical changes which, on the one hand, could be attributed to ''the normal maturational process'' 35 of the respective growth pattern. On the other hand, these changes (1% average difference in PFH/AFH and 0.98 average difference in SN-MP) were minor enough to be considered clinically irrelevant.
In the distalization group, significant horizontal distal movement of the U6 crowns was achieved. This was also shown by others using different appliances 8, 36 and mechanics. 15, 20 Distalizing tooth movement at the crown level alone includes distal tipping, which has been described as a major cause of substantial relapse. 37, 38 Various skeletal anchorage mechanics have been shown to minimize distal tipping through distalization 14, 17 and to even entirely control root movement. 39, 40 The data also showed translational distal movement of U6, even with mesial tipping of 0.68 (SD ¼ 2.68) despite distal movement, in the distalization group. These changes in the U6 axis in the distalization group were insignificant compared with the control group; this movement pattern led to reliable sagittal stability of U6 throughout the posttreatment retention period.
Looking at the amount of palatal movement of the U1, significant palatal tipping was observed along with significant crown movement, but this remained stable during the retention period and therefore remained clinically acceptable. However, Lossdorfer et al. 41 showed that occlusal plane rotation was distinctly influenced by incisor inclination. In the current study's distalization group, the insignificant intrusion of the maxillary molars (P . .05) in combination with significant palatal tipping of the maxillary incisors (P , .05) resulted in an even more significant steepening of the occlusal plane (SN-OP, P , .01), as has been shown before. 17 The significant alterations of horizontal incisor positions helped to significantly correct overjet in the distalization group.
After treatment, the U6 on average extruded an amount to which it had been intruded during treatment. This could partially be ascribed to vertical relapse of the previous intrusion by total arch distalization mechanics. Occlusal adjustment and minor facial changes, which have been described to take place in humans in their third decade of life, 42 were probably responsible for part of these measurements as well.
Over the posttreatment time investigated, the stability of the sagittal, vertical, and axial treatment results achieved was impeccable in miniscrew anchored total arch distalization. Therefore, it can be stated that, within the scope of this study, in Class II treatment, maxillary molar distalization by total arch distalization resulted in treatment of the anterior and posterior dentition, as stable as treatment with minimal mesiodistal tooth movement.
CONCLUSIONS
Total arch distalization against miniscrews between the first molar and second premolar can achieve translational molar distalization, resulting in minor steepening of the occlusal plane. Total arch distalization can achieve stable results lasting years after retention. Long-term skeletal changes may not be expected as a result of total arch distalization.
